Abstract. Changes in the trend of the total natural light illumination value in Chongqing, China was studied based on solar irradiance data of Chongqing from 1961 to 2010. The overall and inter-annual change trends of annual and monthly total natural light illuminance values were analyzed by Mann-Kendall method, meanwhile the luminous efficacy model was integrated in the analysis of data. The result showed that the basic trend in the change of total illuminance value is due to the reduction of natural light intensity.
Introduction
With shortages of energy resources, it is of great significance to make full use of natural light and pursue ecological and sustainable development. Daylighting climate data are the basis for the application of natural light in buildings; illuminance data are one of the core contents of daylighting climate data. China has obtained illuminance data in a study from 14 cities through two consecutive years of observation of natural light (1983 to 1984) in typical Chinese daylighting climate regions (Wu, 1987a) . China was divided into five daylighting climate zones according to natural light distribution and designed daylighting design standards (Wu, 1987a) . The International Daylighting Measurement Program (IDMP) was implemented in 1991 to acquire daylighting climate observation data from some cities (including Beijing and Chongqing in China) throughout the world (He et al., 2012) . After that, the relevant daylighting climate observation work is basically in a state of stagnation.
As the visible part of solar irradiance, natural light has a close relationship with solar irradiance. Data on solar irradiance are abundant owing to the regular observation project of the meteorological department. Therefore, natural illuminance data can be obtained through solar irradiance. However, luminous efficacy is the key factor in obtaining http Chongqing is located in western China, lacking natural light resources, and the use of natural light is particularly important. Therefore, it is necessary to study the natural illuminance of Chongqing to obtain the natural light trend in Chongqing over the years, and then accurately assess the natural light environment in Chongqing. It will provide basic data for the use of natural light, and guide the design and application of natural light.
Data and methods
Although Chongqing has accumulated some annual light climate observation data, more long-term and large-scale light climate observation data are required to understand the changes in Chongqing's daylighting climate. Therefore, it is necessary to use rich irradiance data to obtain illuminance data.
Luminous efficacy model
Irradiance data can be obtained from meteorological observatories, so luminous efficacy K is the key factor in obtaining data on outdoor natural illuminance value. As far as we know (Wu, 1987a; Wang et al., 2011) , there are many luminous efficacy models at present. Different models have different model parameters, and their accuracy varies from region to region. How to choose a conversion model suitable for Chongqing is the key to accurately obtain the natural illuminance value. The monthly and annual luminous efficacy model proposed by Wu et al. (1987a) 
Data sources
Radiation data, geographic latitude, altitude, vapor pressure, and sunshine hours were obtained from the China National Meteorological Information Center. The data of the center was handed by the "Monthly Meteorological Record Monthly Data Report" published by climate data processing departments of Chinese provinces, municipalities and autonomous regions. All data has undergone rigorous quality control and inspection, and the data quality is guaranteed.
There are two meteorological observation stations in Chongqing city, one of which is Chongqing Station and the other is Shapingba station. The two stations are only 10 km apart, and the different in meteorological conditions is extremely small, so the geographical influence can be ignored. The data of Chongqing station are from 1958 to 1986, and the data of Shapingba station are from 1987 to present. In this paper, the solar radiation annual value, monthly value, sunshine hours, geographical latitude, altitude and average absolute humidity in Chongqing from 1961 to 2012 are come from the two meteorological observation stations and selected as the basic data for the study. All data were quality controlled using quality control methods, including climate limit value or http://www. 
Conversion of annual total illuminance data
The annual or monthly luminous efficacy value of Chongqing under different climate conditions (K Gi ) can be obtained with Equation 1 . Combined with the annual or monthly total irradiance value（E e ）in the region, annual or monthly total illuminance data（E v ） in this region can be calculated with Equation 2. The distribution of total illuminance values in Chongqing is shown in Figures 1 and 4 .
Research methods

Mann-Kendal trend analysis
We suppose that time series (x 1 , x 2 , …, x n ) has no trend. Statistics S is calculated through the following calculation method (Eq. 3).
where S has a normal distribution, a mean value of 0, and variance of 
For a given confidence level α in the bilateral trend test, we suppose that the null hypothesis is unacceptable if
. The time series data exhibit an obvious increasing or decreasing trend at a confidence level of α.
Based on the trend test, Sen's method is insignificantly affected by missing data errors or outliers. Using Sen slope calculate Q', if Q' is a positive number, indicating that the data has a growing trend; if Q' is a negative number, indicating that the data has a downward trend. We can obtain the slope estimate Q' by using Equation 5:
where 1 < j < i < n; median represents the median function. 
Mann-Kendall mutation test
We suppose that time series (x 1 , x 2 , …, x n ) exists. One order series, m i (Kendall, 1975) , is constructed to represent the sample accumulative number of
The mean value and variance of d k can be approximately expressed as (Eqs. 7 and 8)
Under the hypothesis that the time series is random and independent, the statistics is defined as (Eq. 9)
Given the significance level of α, By analyzing statistical series UF k and UB k , the change trend of series x i can be further analyzed and the mutation time and region can be determined. UFk > 0 indicates that the series tends to increase; UF k < 0 indicates that the series tends to decrease. When the series exceed the credibility line, then they exhibit an obvious increasing or decreasing trend. If an intersection point exists between the curves of UF k and UB k and falls between the credibility lines, the corresponding time of the intersection point is the starting moment of mutation. the change trend of the annual total illuminance in Chongqing is decreasing, and the change trend is very obvious. Therefore, the natural annual total illuminance value in Chongqing should be corrected by combining the change trend of the data. According to the slope (Q') value obtained from the Mann-Kendall trend test (Sen Slope) (Fig. 1) , the natural annual total illuminance of Chongqing dropped by 2.4 × 10 8 lx/10a. According to the slope Q' value, compared with the standard value of the natural annual total illuminance in the mid-1980s, the natural annual total illuminance decreases by about 10%. Using the original daylighting illuminance standard value to design will bring greater errors. Therefore, the annual total illuminance standard value of Chongqing should be revised to adapt to the current natural lighting design requirements under current climate conditions in Chongqing. 
Results
Change trend analysis of annual total illuminance
Mutation analysis of annual total illuminance
The annual total illuminance mutation map (shown in Fig. 2 ) of Chongqing was drawn through Mann-Kendall mutation test method. From Figure 2 we can see that the curves of UF k and UB k intersect in 1974, and the intersection point exists between and falls between the credibility lines, the corresponding time of the intersection point is the starting moment of mutation, so the Mutation occurred in 1974. Relevant research findings are also found in other cities in China (He et al., 2013) . From Figure 2 we also find the forward sequence curve (UF k ) is almost below 0. It indicates that the series tends to decrease. The forward sequence curve (UF k ) showed a rapid downward trend after 1974, and passed the 1.96 confidence level critical value. It shows that the decreasing trend became more obvious. After that, the absolute value of statistics in 1979 exceeded 3, and even reached 4.65 in 1989. It shows that the annual total illuminance value of natural light in Chongqing has a very significant downward trend in recent years. (Figure 3a) and the average number of hours of sunshine in each month from 1961 to 2012 (Figure 3b ). From Figure 3 we can see the change trend of the monthly total illuminance in Chongqing is similar to that of the corresponding monthly sunshine duration. December and in January. The high values are observed in July and in August. In addition, monthly total illuminance and monthly sunshine duration in summer is the largest; the minimum is in winter; and the middle is in spring and autumn. The total monthly illuminance and sunshine duration in spring are greater than those in autumn. The lowest value of total illumination in December was less than 1/5 of the highest value of total illumination in August, and the average number of sunshine duration in December was even less than 1/7 of the average number of duration of sunshine in August. This also shows that the monthly total illuminance in Chongqing varies with the seasons, with uneven distribution of total natural illuminance in each month. natural light is sufficient in Summer and scarce in winter. Based on the above analysis, in accordance with the existing daylight design standards, daylighting can fully meet the needs of indoor illuminance, and may lead to the introduction of excessive natural light in summer, so we should pay attention to the orientation of the building windows and shade. In winter, the outdoor natural illumination is low, and due to the impact of climate change, the actual natural illuminance value is often lower than the standard value, which will lead to insufficient indoor illuminance, which will affect the use of building and cause energy waste. Therefore, the window area should be appropriately enlarged, or increase structural measures to increase the amount of natural light introduced into the room to meet the daylight needs.
The monthly illuminance distribution and change trend of Chongqing
Figure 2. Mann-Kendall mutation detection of annual total illuminance value in Chongqing
The change trend of monthly total illuminance
The statistical values Z, Sen slope value Q', of monthly total illuminance were obtained through Mann-Kendall trend test method based on the series of monthly total illuminance values in Chongqing ( Table 3) . A positive Z value represents an increasing trend, whereas a negative Z value represents a decreasing trend. Absolute Z values equal to or greater than 1.64, 1.96, and 2.56 indicate that the values passed significance tests with confidence coefficients of 90%, 95% and 99%, respectively. Table 3 shows that in January, in July, in August and in December passed the significance test with a confidence coefficient of 99%, indicating that the change trends in these months are very obvious. In February, in April and in October passed the significance test with a confidence coefficient of 95%, indicating that the change trend in these months is obvious. In March passed the significance test with a confidence coefficient of 90%, indicating that the change trend in the month is not obvious. In May, in September and in November failed to pass the significance test with a confidence coefficient of 90%, which means that no change trend exists.
Slope value Q' represents monthly total illuminance change. A positive Q' value denotes an increasing trend, whereas a negative Q' value denotes a decreasing trend. 8 lx/10a. The variation trend of monthly total illuminance values in most months in Chongqing is consistent with the variation in annual total illuminance values, that is, the overall trend shows a downward trend. In January, in February, in October, in November, and in December in Chongqing, there are many overcast days, and the sunshine duration are low, therefore, the monthly total illuminance values in these months are stable. But in March, in April, in May, in June, in July, in August and in September, the climate change was relatively large, and the sunshine duration changed greatly. As a result, the monthly total illuminance values in these months were drastically changed. 
Discussion
Natural light is the visible part of solar radiation; thus, the effects of solar radiation corresponding to meteorological factors also affect natural illumination changes. Solar radiation that reach the ground is influenced by clouds, atmosphere (including basic atmospheric composition, aerosols, and water vapor), and changes in solar radiation. We discuss the influencing factors of natural light illuminance in the following subsections. http 
Cloud
Clouds have a significant impact on natural lighting climates. Clouds affect not only the natural light reaching the ground but also the sky luminance distribution. In general, changes in the cloud cover will lead to a decrease or increase in natural light.
Aerosol
Aerosol is another important and complex influencing factor of natural light. Aerosol not only reflects, scatters, or absorbs sunlight but also produces indirect effects by changing the microphysical nature of clouds. The effects of aerosols on sunlight vary. An increase in aerosol content increases atmospheric optical thickness, thus correspondingly reducing the natural illumination that reaches the surface.
Water vapor
Water vapor absorbs sunlight. Research indicates that the global average of columnar water vapor content is 25 mm. For every 1% increase in solar radiation, water vapor content increases from 3 mm to 6 mm (Ramanathan and Vogelmann, 1997). Water vapor changes will have insignificant effects on natural illumination.
Atmospheric molecular scattering and absorption
Atmospheric gas molecules also scatter and absorb sunlight. However, human activity has changed atmospheric gas composition in recent decades (such as CO 2 ). Given that gas composition has low levels of ingredients in the atmosphere, the effect of atmospheric gas on natural illumination can be neglected.
Solar activity
Solar activity changes are mainly observed by satellite. To date, four independent space-based instruments directly observe total solar irradiance (Fröhlich, 2004 ). Solar radiation is typically an 11-year cycle and the amount of change is usually small and not more than 1% (Hamed, 2009) . Therefore, the effect of solar activity can be ignored.
Conclusion
 Using solar radiation data to obtain natural illuminance data can greatly enrich daylighting climate data.  The trend of total illuminance value of natural light in Chongqing is very obvious, with a drop of 2.4 × 10 8 lx/10a, and the mutation occurred in 1974. Therefore, the design standard of daylighting in Chongqing should be revised to meet the needs of daylighting demand.  Monthly total illuminance values in Chongqing have no change trend in May, in September, in November, very obvious decreasing trend in January, in July, in August and in December, obviously in February, in April and in October, and not obvious in March.  The annual variation of the total monthly illuminance of natural light fluctuates little in January, in February, in October, in November, and in December, and fluctuates widely in March, in April, in May, in June, in July, in August, and in September.
